patients with other cerebrovascular diseases and who were seen from January 2005 to January 2012 in Southern Hospital Neurosurgery. Patients with the following symptoms were excluded as they may cause morphologic changes of A-1 segment: severe cerebral vasospasm determined by DSA and severe cerebral swelling or large intracranial hematoma indicated by cranial computerized tomography (CT) or MRI. A total of 9 patients were excluded including 5 ACoAA and 4 others. 147 males and 117 females consisted 264 cases of ACoAA with ages ranging from 22 to 75 and an average age of 49.02±10.09. They were classified with Hunt-Hess grades when admitted: Grade 0, n=18; Grade 1, n=84; Grade 2, n=90; Grade 3, n=48; Grade 4, n=22; Grade 5, n=2. 161 males and 135 females consisted 296 cases of other cerebrovascular diseases (135 cases of aneurysm at other intracranial sites, 107 cases with intracranial arteriovenous malformation, 28 cases with dural arteriovenous fistula and 26 cases with others like intracranial artery stenosis) aging from 6 to 82 with an average of 50.53±11.25.
DSA examination
All cases were inserted with catheters into right femoral arteries with Seldinger technique, and subjected to bilateral internal, external carotid artery and vertebral arteriography in order to completely show the images of arterial phase, capillary phase, venous phase and sinus stage. They were at least subjected to standard right, lateral and oblique position imaging. Patients suspected of aneurysm, arteriovenous malformation or other lesions were underwent 3D rotational angiography. Diagnosis reports were reviewed by 3 doctors with different seniorities with 2 above associate director.
Classification criteria for the morphology of A-1 segment of ACA According to DSA angiography from standard right and lateral position, combined with oblique position image and 3D rotational angiography, the morphology of A-1 segment was divided into several types following the anterior-interior to posterior-exterior direction. Type 1 is the "arc" pattern (Type 1a: convex shape; Type 1b: concave shape); Type 2 is the "S" pattern (Type 2a: inverse lateral "S" shape; Type 2b: lateral "S" shape); Type 3 is the approximate straight-line shape and non-development. With ACoAA, the morphology of A-1 segment from dominant image side was chosen to analyse the relationship with aneurysm projection. 1a and 2a, 1b and 2b were combined as inferior and superior types, respectively, according to inner blood flow direction for statistic analysis due to the few sample funds of 1b and 2a (shown in Fig. 1 ). According to DSA angiography images from standard right and lateral position combined with 3D rotational angiography, rectangular coordinates were established taking the projection of aneurysm neck shown in the image of standard lateral position as the origin point. The surrounding of aneurysm neck was divided into four areas including anterior-inferior, anteriorsuperior, posterior-superior and posterior-inferior with the horizontal and vertical axis. Thus the types of aneurismal body projection were named as anteriorinferior, anterior-superior, posterior-superior, posteriorinferior and complicated types (shown in Fig. 2 ). Statistical analysis SPSS 13.0 was used for the statistical analysis. Quantitative data fitted normal distribution were expressed with means±sd and qualitative data were described using frequency and percentage. Quantitative data between groups were compared using Pearson chisquare test. Two-way disordered classification data were tested for their correlation using Likelihood Ratio test. Statistically significant level was considered as significant p<0.05 and very significantly p<0.01.
Results

Morphology comparison of A-1 segment of ACA
A-1 segment in the group with ACoAA was more frequently absent than the group with other cerebrovascular diseases (χ 2 =11.482, P=0.001). The constituent ratios of two groups were in the same order as: 3>1a >2b >2a >1b with no significant difference (χ 2 =6.645, p=0.156) (shown in Table 1 ). . Non-development in DSA of A-1 segment on one side meant the absence or severe dysplasia on this side. In our study, the cases of non-development type of A-1 segment in ACoAA group were obviously more than control group. All data from DSA cerebral angiography indicated very few balance images of both right and left side of A-1 segment while one side image was more dominant than the opposite side, which suggested the correlation between variations (A-1 absence or severe dysplasia) and the formation of ACoAA.
A-1 segment originated from internal carotid artery in right angle, mostly with various tortuosities rather than straight forward to anterior-interior from posteriorexterior 12 . One is the "arc" pattern with a shorter A-1 segment. Most of this pattern is a convex shape which is stretched tightly over the chiasm. Few are concave shapes which related to the distance from the optic tract, chiasma or nerves. Another pattern is the "S" shape with a longer A-1 segment. Lateral "S" shape is the majority with inner part pointing superior-interior and outer part pointing inferior-exterior which are related to tightly adhere to optic tract, chiasma or nerves and the long gap between front and back chiasma, respectively; Inverse lateral "S" shape is uncommon with inner part pointing inferior-interior and outer part pointing superior-exterior. The downward direction of outer part is suggested to be related to the long distance of the origin of A-1 segment from the periphery of optic tract, chiasma or nerves and not adhere to the top while the upward direction of the inner part is related to adherence to the top of the optic tract, chiasma or nerves. The most popular pattern of A-1 segment is the approximate straight-line shape, showing straight or approximate linear from posterior-exterior to anteriorinterior. The study suggested that A-1 morphology patterns were commonly approximate linear, convex and lateral "S" shape while concave and inverse lateral "S" shape were rare. There were no significant differences for the constituent ratios of A-1 morphology between the ACoAA and the control group. The results suggested that, the formation of ACoAA might have no or little effect on the morphology of A-1segment which is possible to be resulted from the small and bias samples.
Relationship between the morphology of A-1 segment and the projection of ACoAA
A-1 segment of ACA displays various shapes and variations. The pressures of left and right side of A-1 are unequal, companied with increased blood flow and pressure, leading to the change of hemodynamics. Generally speaking, the junction of dominant A-1, ACA and the ipsilateral distal segment (A-2) has a significant change of hemodynamics with high wall shear stress (WSS) and it's the predilection site of ACoAA 13 . The present study showed that, the developing effect of aneurysm on one side was better than the opposite side, part of which was even not developed using internal carotid artery arteriography. Most of the aneurysms were at the juntion of dominant A-1, ACA and the ipsilateral A-2. Based on this study, there was a significant relationship between the morphology of dominant A-1 segment and the projection of aneurysm with a Contingency Coefficient bigger than 0.5.
Although with various tortuousness, upward, downward and horizontal were the only three directions of the inner blood flow of A-1 segment. When the A-1 segment appeared from exterior-superior to interiorinferior in approximate linear, convex or inverse lateral "S" shape, the inner blood flowed downwards which caused the downward projection of ACoAA. When A-1 appeared from exterior-inferior to interior-superior in approximate linear, concave or lateral "S" shape, the blood flowed upwards which caused the upward projection of ACoAA. When A-1 stretched straightly from exterior to interior, the blood flowed horizontally and the ACoAA generally projected to the opposite side. In most cases, the ACoAA pointed anterior for A-1 usually extended from posterior-exterior to anteriorinterior.
Clinical significance of the relationship between A-1 morphology and ACoAA projection in medical treatment
When A-1 segment is undeveloped, it is very important to keep ACA patent when either surgical clipping or endovascular embolization is carried out in order to avoid the development of infarction. The A-1 segment appeared from exterior-superior to interior-inferior in convex, inverse lateral "S" or approximate linear shape caused decrease of vertical distance between ACA Complex and anterior skull base 14 . The aneurysm adhered tightly to skull base, optic chiasma and nerves, which would easily cause abnormal bleeding with excessive dragging during operation. Furthermore, the optic chiasma, nerves and feeding arteries would be crushed during aneurysm separation, leading to visual disturbances.
The A-1 segment appeared from exterior-inferior to interior-superior in concave, lateral "S" or approximate linear shape caused increase of vertical distance between ACA Complex and anterior skull base. The aneurysm might be partly or even wholly embedded into lateral or bilateral rectus gyri, which made it difficult to expose during operation. Sometimes, partial resection of rectus gyri was needed to expose the aneurysm, and it would be complicated with memory decrease and cognitive impairment.
When A-1 segment rarely appeared from anteriorexterior to posterior-interior and prefixed optic chiasm was obvious, the distance between posterior margin of anterior communicating artery and the endplate was shortened. Big aneurysm was highly related to endplate, and the feeding arteries, leading to difficult separation, hypothalamus and perforator vessel injuries, and severe postoperative reaction 15 . During intravascular interventional treatment of ACoAA, shaping the microcatheter with an adequate angle and its durability are essential for a successful procedure of embolization of aneurysms 16 . Generally, the dominant A-1 segment was chosen as the vascular route during embolization procedure. When A-1 were "arc" or approximate straight-line shapes, the microcatheter was generally steam shaped to a single bending. The bending length depended on the size of the aneurysm and the diameter of parent artery, and curvature degree was based on the angle between aneurismal body and parent artery. When A-1 was "S" shape, the microcatheter was usually steam shaped to a double bending. This kind of bending mainly depended on the pattern of A-1 segment, and also the size of aneurysm, diameter of the parent artery and the angle between aneurismal body and parent artery. When A-1 segment originated from internal carotid artery in right angle with "S" shape, it's difficult for microcatheter to pass the internal carotid arterial bifurcation, so the micro-wire needed to be multi-shaped to guide the catheter into the right position. Careful reading of the image of DSA cerebral angiography and making clear the presence of A-1 dominancy, the projection of ACoAA, the morphology of dominant A-1 segment and its relationship with aneurismal projection are clinically important for analyzing operative difficulties, preventing accidental injury during operation and reducing complications. Evaluation on the relationship between A-1 morphology and aneurismal projection was not systematically carried out for the small sample size in this study. With the improvement of sample size and multi-central research, detailed results will be got in the future.
